Scaffold proteins play an important role in regulating signal transduction by targeting kinases and phosphatases in close proximity to their relevant substrates. SSeCKS protein has been described as a protein kinase C and A (PKC/PKA) anchoring protein as well as a PKC substrate with a tumor suppressor activity. In this study, we report the generation, via gene trapping in embryonic stem cells of mice carrying an insertion in the mouse SSeCKS gene. Through the molecular analysis of the insertion site, we show that SSeCKS contains two alternative promoters directing the synthesis of mRNAs (P1-and P2-mRNA), encoding two different proteins, one of which would be a truncated form of the other. Interestingly, these RNAs are differentially expressed, P2 being found exclusively in the male germ line, while P1 exhibits a dynamic and wider pattern of expression during embryonic development and in the adult; its expression is predominant in the nervous system. Finally, we show that P1-but not P2-mRNA expression is abolished by the insertion and furthermore that mice homozygous for the mutation lack SSeCKS in all tissues except the male germ cells. Nevertheless and surprisingly, these mice do not exhibit any obvious phenotype. The functional implications of these observations are discussed. q
Introduction
Intracellular transduction of signals from the plasma membrane to speci®c subcellular compartments of the cells is a key process during embryonic development and in various physiological processes. The correct targeting of kinases and phosphatases to certain compartments of the cell where their speci®c substrates reside is an important way to regulate their activity. Anchoring proteins, which themselves have a kinase activity, achieve compartmentalization. Such proteins have been described for protein kinase C (PKC) (Mochly-Rosen, 1995; Newton, 1996) and phosphatase proteins (Sim and Scott, 1999) . However, the largest and still growing family of anchoring proteins are the Akinase-anchoring-proteins (AKAP proteins) that localize cAMP-dependent protein kinase (PKA) (Faux and Scott, 1996; Rubin, 1994) . Some of them play a role of multivalent adapter proteins, which are able to coordinate the location of multienzyme signaling complexes within the cell (Lester and Scott, 1997; Scott et al., 2000) . Due to their important role in the physiology of the cells (Colledge and Scott, 1999) , scaffold proteins are intensely studied. AKAPs proteins seem particularly abundant in male germ cells. In human, several AKAPs have been identi®ed in spermatids or mature sperm and shown, in the latter case, to be localized in different regions:¯agellum (Carrera et al., 1994) midpiece (Lin et al., 1995a; Reinton et al., 2000) or acrosomal region (Vijayaraghavan et al., 1997) . However, few developmental studies of such proteins have been made, and they have always focused on a particular organ, for example the chicken limb (Zhang et al., 1996) or the rat testis (Erlichman et al., 1999) . No study addressing their developmental expression in the mouse embryo or any inactivation of genes encoding such proteins has been reported.
We have previously described a gene trap strategy used to isolate genes involved in mouse development. A gene trap vector carrying the LacZ reporter gene fused to the SH-ble gene conferring phleomycin resistance (Camus et al., 1996) was integrated randomly into the mouse genome via embryonic stem (ES) cells. Chimeric embryos were obtained after injection of the modi®ed ES cells into mouse 8-cell stage and assayed for b-galactosidase expression at embryonic day (E) 8.5 and E10.5. When a speci®c and dynamic pattern was observed, mouse lines were established. Fifteen mouse lines were obtained after blastocyst injection of the ES cells carrying different insertions and germ line transmission was observed for all of them (Camus et al., 1996) .
In the present study, we describe the cloning of the gene trapped in one of these lines, TL15. We show that the trap vector disrupts a mouse gene homologous to the rat src Suppressed C Kinase Substrate gene (SSeCKS; Lin et al., 1995b) which has been also named PKC binding protein gene (PKCBP; Chapline et al., 1996) . This gene encodes an anchoring protein carrying PKC as well as PKA binding sites (Erlichman et al., 1999) ; that protein is similar to the human Gravin (AKAP 250) (Gordon et al., 1992; Nauert et al., 1996) . Recently, the role of SSeCKS in suppressing src transformation of rodent ®broblasts as well as tumorigenicity in ras-activated rat prostate cancer cells has been thoroughly documented by Gelman's group. A potential tumor suppressor role involving sequestration of the Cyclin D1 was proposed by these authors (Lin et al., 2000) .
Analysis of b-galactosidase expression in the mice carrying the insertion revealed SSeCKS activity during oogenesis as well as a strong expression in neural tissues both during embryogenesis (starting at E8) and in the adult. The central as well as the peripheral nervous system display a robust blue staining. In the adult testis, b-galactosidase activity is speci®cally observed in Sertoli cells.
Further analysis of the homozygous mice allowed us to identify a second messenger, P2-mRNA, transcribed from an alternative promoter (P2). This mRNA would encode a protein which is an N-terminally truncated form of the one encoded by the other promoter P1. Interestingly, P2-mRNA was found exclusively in the testis where it displayed a speci®c developmentally regulated expression. Although P2-mRNA is not disrupted by the trap vector, it does not compensate for the absence of P1-mRNA.
Thus, in the mice homozygous for the insertion, SSeCKS expression is abolished everywhere but in the testis. However and surprisingly, in view of functions of SSeCKS disclosed by in vitro approaches, these mice were viable and did not display any obvious phenotype. Our ®ndings raise interesting questions about the functions of SSeCKS in vivo.
Results

Molecular cloning of the endogenous cDNA fused to the gene-trap construct
To clone part of the endogenous gene trapped in the TL15 ES cells, we performed 5 H -rapid ampli®cation of cDNA ends±polymerase chain reaction (RACE±PCR) (Frohman et al., 1988) on poly(A) 1 RNA isolated from TL15 ES cells. Two independent experiments yielded an identical 0.6 kb cDNA, which was cloned and sequenced. This cDNA comprises 207 bases from the gene trap vector, while 404 bases in its 5 H end belong to the endogenous trapped gene. Sequence analysis of the latter indicated that the ®rst 139 bases correspond to noncoding cDNA while the following 264 bases constitute an open reading frame (Fig. 1A) (accession number AF326228).
Identi®cation of the trapped gene
We searched on-line sequence databases to identify genes with signi®cant homology to the TL15 trapped gene. We found a strong homology with a rat sequence that had been previously identi®ed as SSeCKS (Lin et al., 1995b ) (accession number U23146) and as PKCBP (Chapline et al., 1996) (accession number U41453). The 403 bp fragment of the 5 H region of the TL15 cDNA has 92% identity with both cDNA. The comparison with a human cDNA encoding the Gravin protein (accession number U81607) also revealed a strong homology. These results suggested that the trap construct was inserted in a mouse gene homologous to the SSeCKS gene. Further sequence comparison with the mouse EST data bank revealed a number of sequences similar to the rat gene in its 3 H part. We took advantage of this homology to derive primer sequences from those ESTs in order to isolate the complete cDNA of the mouse gene. The consensus sequence comprised 6197 nucleotides encompassing an open reading frame encoding a protein of 1730 amino acids. This sequence was submitted to GenBank (accession number AF326228). At the protein level, the percentage of identity between the sequence that we derived from the mouse complete cDNA and that of the PKCBP/ SSeCKS (Chapline et al., 1996) was also high: 90%. The four sites of in vitro phosphorylation identi®ed in the rat protein (Chapline et al., 1996; Lin et al., 1996) were completely conserved in the mouse, except for the most N-terminal one (amino acids 296±307) where a serine is replaced by a proline. The myristylation signal (amino acids 1±10) is also conserved ( Fig. 1A ; double underlined; Lin et al., 1996) . The mouse protein shares several features with human Gravin: indeed, ®ve potential nuclear localization signals are found with the same distribution in both proteins (Sato et al., 1998) . Moreover, a sequence showing a high homology with the Gravin binding site for PKA is found in the C-terminal part of the mouse protein (amino acids 1499±1525; Nauert et al., 1996) .
Northern analysis of the endogenous messenger
Northern blot analysis was performed on RNAs isolated from wild-type CK35 (Kress et al., 1998) or heterozygous TL15 ES cells using the 403 bp endogenous RACE product as a probe (5 H probe). Two mRNA populations were detected in the TL15 cells (Fig. 2B) . One mRNA of 6 kb was detected in both the TL15 and the wild-type ES cells and therefore corresponds to the wild-type allele. Another mRNA of 4.2 kb was present exclusively in TL15 cells. This mRNA was also revealed using a LacZ probe (not shown), and therefore represents a fusion transcript between the endogenous mRNA and the gene trap construct. Interestingly, we repeatedly observed that the fusion allele is more abundant that the endogenous one (Fig. 2B , lanes 1,2 and Fig. 3B , lane 2). These observations suggest that the regulation of the expression level of the endogenous gene is perturbed by the insertion or that the fusion mRNA is more stable than the endogenous one.
A rather wide expression of the SSeCKS gene was revealed by Northern blot using either the 5 H probe or a probe obtained by reverse transcription (RT)±PCR from the 3 H part of the gene (nt 4199±5761, 3 H probe) in the adult mouse (Fig. 2C,D) . Abundant expression of the 6kb transcript is observed in the testis, the brain and at a lower level in the heart. In the liver, a shorter messenger of 3kb only is revealed that is not detected with the 3 H probe, indicating that this messenger is truncated in the 3 H extremity (Fig. 2C,D) . chimeras. When they were crossed to wild-type mice, they gave birth to mice heterozygous for the insertion. Intercrosses of the heterozygous animals gave rise to homozygous mice in Mendelian proportions as demonstrated by Southern blot analysis using a 3 H cloned¯anking sequence as probes (data not shown). These mice were apparently healthy and reproduced normally. We therefore investigated more closely the expression of the modi®ed allele as compared to the wild-type one.
Analysis by Northern and RT±PCR of testis RNA reveals the usage of two different promoters
Poly(A)
1 RNA isolated from testis of wild-type (129Sv), heterozygous and homozygous mice were analyzed by Northern blots using either the 5 H or the 3 H probe. When using the 5 H probe, the RNA population of about 6 kb seen in the ES cells ( Fig. 2B ) was found in the wild-type and heterozygous samples exclusively, while the 4.2 kb RNA corresponding to the fusion transcript was only observed in heterozygous and homozygous RNA. These results demonstrated that the synthesis of the endogenous RNA is interrupted by the trap vector insertion (Fig. 3B ). Strikingly, the 3 H probe revealed a single RNA population of about 6kb that is present not only in wild-type and heterozygous but also in the homozygous samples (Fig. 3C ). These results strongly suggest that two different mRNAs of similar size are synthesized from the wild-type allele, one of which is interrupted by the insertion.
In order to test this hypothesis, RT±PCR was performed on wild-type, heterozygous and homozygous testis RNA samples. Two pairs of primers were used: the ®rst (2s and 7r) overlapped the insertion point, the second (14s and 3r) located in the 3 H region of the cDNA, downstream of the insertion (Fig. 3A) . The results are presented in Fig. 3D . Only RNAs from the wild-type and the heterozygous samples but not the homozygous ones allowed the ampli®-cation of the 425 bp fragment from the primer pair surrounding the insertion point. On the contrary, the second pair of primers gives rise to an 850 bp ampli®cation product, which was observed in all the samples corresponding to the three genotypes. These results further demonstrated the existence of two mRNAs which share a long 3 H region but differ at their 5 H ends. They also con®rm that one of them (hereafter called P1-mRNA) is initiated from a promoter (P1) upstream of the insertion site and is interrupted by the insertion. One reasonable hypothesis is that the other messenger (named P2-mRNA) is initiated from an alternative promoter (P2). This messenger is synthesized even in the mice homozygous for the insertion.
2.6. P1-mRNA and P2-mRNA are different in the 5 H region
To further characterize P2-mRNA, 5 H -RACE-PCR was carried out on testis RNA prepared from males homozygous for the insertion. Two rounds of cDNA ampli®cation were performed, using successively 19r (nt 886±860) and 7r (nt 540±519) as speci®c primers (see Fig. 4A ). The product of the second PCR was cloned and sequenced. Three independent clones gave the same results shown in Fig. 1B . A novel sequence of 109 nucleotides is connected at position 405 of the sequence previously described (Fig. 1A) ; this position corresponds to the ®rst splice acceptor site located downstream of the insertion point (downward triangle in Fig. 1A ). In the sequence (Fig. 1B) corresponding to the second RNA (accession number AF326230), the ®rst ATG is located at position 160 corresponding to the methionine 107 of the protein encoded by P1-mRNA (Fig. 1A) . Thus, if this ATG is the one used for translation, the protein encoded by the P2-mRNA isoform would lack the ®rst 105 amino acids of the larger one.
Finally, we further investigated the presence of P1-mRNA and P2-mRNA in the testis RNA of wild-type, heterozygous and homozygous males, using RT±PCR. cDNA ampli®cation was made using pairs of primers comprising one element shared by the two cDNAs in the 3 H part of the trap insertion (18r and 7r) and another one speci®c of the 5 H region of each of the two cDNAs (2s: P1-mRNA, or P2-1s: P2-mRNA; Fig. 4A) . The results are presented in Fig. 4B . Ampli®cation products obtained between primers located in the 5 H -speci®c part of the P2-mRNA (P2 1s) and the 3 H common part (7r and 18r respectively; Fig. 4B , lanes 4±6 and 7±9) are observed in the RNAs from the three genotypes. Ampli®cation between primers P2 1s and P2 2r encompassing the speci®c part of the P2-mRNA gave a fragment of the expected size of 81 bp (Fig. 4B, lanes 1±3 ). In contrast, the ampli®cation product obtained with a primer speci®c of the 5 H part of the P1-mRNA (2s) and a primer from the 3 H common region, (18r), therefore overlapping the vector insertion, is absent from the homozygous sample (Fig. 4B, lanes 10±12 ). Taken together, these results con®rm and de®nitely establish that two RNAs different in their 5
H region are synthesized from the SSeCKS mouse gene.
P2-mRNA is expressed exclusively in the testis
To analyze the pattern of expression of P2-mRNA and compare it to that of P1-mRNA (see Fig. 2C ) we ®rst performed Northern blots using a probe speci®c of the former (comprising nucleotides 10±91, Fig. 1B ). As shown in Fig. 5A , the expression of P2-mRNA was exclusively observed in the testis. Thus, both messengers are expressed in the testis. In order to validate the use of RT± PCR for the next analysis, we further con®rmed this result. RT±PCR was performed on RNA extracted from various heterozygous tissues, using oligonucleotide pairs speci®c of P1-and P2-mRNA (see above). The results of this analysis are shown on the left panel of Fig. 5B and appear completely consistent with Northern blot analysis: RT± PCR fragments speci®c of P1-mRNA are found in brain, lung, heart and testis while those speci®c of P2-mRNA are found exclusively in the testis; it is also interesting to note that the ovary expresses P1-mRNA but not P2-mRNA. In the ES cells, only the P1-form was detected.
We next wanted to determine the distribution of P1-and P2-mRNA in the different populations of testicular cells. In a ®rst series of experiments, RT±PCR was performed on RNAs extracted from testis obtained from young males of ages corresponding to different developmental stages of the germ line. This analysis revealed that P1-mRNA could be ampli®ed only from extracts from adult testis while P2-mRNA appears at day 20 when pachytene spermatocytes are expanding, and continues to be expressed in juvenile and adult testis (Fig. 5C) . In a second series of experiments, RNA was extracted from cellular fractions puri®ed from adult mouse testis by elutriation (gift of N. Me Âlaine and B. Je Âgou, Rennes) including peritubular, Sertoli and germ cell fractions. RT±PCR analysis showed that P1-mRNA was present in all the fractions while P2-mRNA is exclusively found in pachytene spermatocytes and spermatids (Fig. 5D , left panel). Using mouse primers, we were able to amplify cDNA from rat testicular fractions. This allowed us to demonstrate that both types of RNA are present in the rat testis where they are differentially expressed. Indeed P1-mRNA speci®c fragment was ampli®ed in spermatids, Sertoli and peritubular cell fractions while P2-mRNA was revealed only in spermatids (Fig. 5D, right panel) .
P2-mRNA does not compensate for P1-mRNA in homozygous tissues
The absence of an evident phenotype in mice lacking P1-mRNA lead us to test the hypothesis that the regulation of P2-mRNA could have been modi®ed in those mice. To address this issue, RT±PCR was performed on RNA extracted from the tissues of homozygous mice. The results of this analysis clearly indicated that P1-mRNA is absent from every tissue tested whereas, as expected, P2-mRNA is present only in the testis (Fig. 5B, right panel) . Thus P2-mRNA does not compensate for the absence of P1-mRNA.
Developmental expression of P1-mRNA as revealed by the LacZ reporter gene
The presence of the LacZ gene in the trapping vector, allowed us to follow the expression of SSeCKS at the cellular level in the developing embryo and in the adult. However, it should be stressed that this analysis concerns the P1-mRNA and not the testis-speci®c P2-mRNA expression.
Expression in the ES cells
b-Galactosidase activity was detected in the TL15 ES cells. Remarkably, the blue staining was not distributed homogeneously within the cytoplasm as we usually observed for other lines. It was concentrated in some areas of the cell (not shown). This subcellular localization is consistent with the role of an anchoring protein assigned to SSeCKS. As no special sequence was added to the construct to address the protein to a particular compartment, this observation suggested that the 5 H part of the SSeCKS gene fused to the reporter gene encodes a region of the protein, which has the information for speci®c subcellular localization.
Expression during embryogenesis
It is generally assumed that LacZ, when inserted inside a gene, is expressed in a pattern that re¯ects its normal expression; indeed, numerous studies have con®rmed this assumption (see for example Skarnes et al., 1992) . In order to verify this point, we compared LacZ pattern of expression with that of the endogenous P1-mRNA, using the 5 H probe for in toto, in situ hybridization of E10.5 embryos. Fig. 6A,B shows that the b-galactosidase activity re¯ects perfectly the mouse P1-mRNA expression and therefore is a faithful reporter of its normal expression.
We then performed an extensive study of the LacZ pattern of expression during embryogenesis and in the adult tissues. In order to determine the onset of P1-mRNA expression we analyzed b-galactosidase activity during preimplantation stages using embryos collected from wild-type female and homozygous male matings. No b-galactosidase activity could be detected in any of the embryos from the fertilized egg to the blastocyst stage. Interestingly, in reciprocal mating between wild-type males and homozygous females, all the embryos stained blue from the one-cell to the blastocyst stage. In the blastocyst, both the inner cell mass and the trophoblast were stained (data not shown). These results indicate that whereas SSeCKS P1-mRNA embryonic expression is delayed at least until after the blastocyst stage, there is a very strong and stable maternal expression during oogenesis.
In heterozygous embryos obtained from a cross between a TL15 male and a wild-type female, b-galactosidase activity was ®rst detected at E8.0 in the neural plate (not shown). Progressively, it extended to part of the neural tube, speci®c regions of the brain and the dorsal root ganglia (Fig.  6A,C,D) . At E17.5 it was already detected in numerous regions of the brain. Remarkably, the blue staining is observed all along the nerves (Fig. 6D, white arrow) , suggesting that the protein is transported along the ®bers. Although it was predominant in the neural tissue during embryonic development, it was not restricted to this tissue. Indeed, blue cells were also observed in the surface ectoderm as soon as E9.5, in the wall of the aorta and in the heart. At E17.5 (Fig. 6D) , the gene is expressed in the lungs and in the gut in which the smooth muscle cells of the circular layer but not those of the longitudinal one are stained (not shown). In the liver no staining is observed in the hepatocytes, however, the connective tissue capsule stained blue as well as the walls of the blood vessels (not shown).
Expression in the adult
Whole-mount b-galactosidase staining was performed on most of the adult organs. LacZ expression in the adult mouse was very high in the central nervous system particularly in the brain where the staining is very speci®c and complex ( Fig. 7G,H ; see legends for details). Strong staining is also detected in the wall of the gut (Fig. 7E) ; thin sections revealed that the staining is restricted to the autonomous nervous system. The two major plexuses of the gut are heavily stained: the myenteric (or Auerbach's) plexus, which lies between the longitudinal and the circular muscle layers, and the submucosal (or Meissner's) plexus, which lies in the submucosa ( (Fig. 7F) . It is interesting to note that the expression observed in some muscle cells of the embryonic gut (see above) completely disappeared in the adult. Reporter activity was also detected in the lung and the kidney and appeared to be extremely speci®c: indeed, staining is only detected in the wall of the bronchioles of the lungs and in the external layer of the Bowman's capsule in the kidney (not shown). Some staining was also detected in the thymus.
Interestingly, the SSeCKS P1-mRNA is expressed in the reproductive organs. In the male, testis tubules are strongly stained; thin sections revealed that the only cells displaying the b-galactosidase activity are the Sertoli cells (Fig. 7C,D) . In the female, blue spots of various sizes were seen in the ovaries. Thin sections revealed that the germ line cells are exclusively marked, from the primary oocytes to the oocytes in the preovulary follicles (Fig. 7A,B) . 
Discussion
We initiated a gene trap approach in order to isolate genes speci®cally expressed during early embryogenesis. The TL15 line was one of the lines in which the reporter gene was expressed in a dynamic pattern between E8.0 and 10.5.
The gene trapped in this particular line is the mouse homologue of the rat SSeCKS/PKCBP gene. Mouse SSeCKS as well as its rat counterpart display a high homology with the human Gravin gene with which they share 78% of identity. The observation of a number of features, at a similar position in the protein, such as the ®ve putative sites of nuclear localization (Sato et al., 1998) and the PKA ®xation site (Nauert et al., 1996) , a similar gene structure and some identical sites of expression reinforce the hypothesis that SSeCKS and Gravin genes are homologous. The mapping of the mouse gene on the chromosome 10 in the region A1± A2 (M.-G. Matteõ È, personal communication) is in keeping with the localization of Gravin on the human chromosome 6 in 6q24±q25 (locus ID 9590).
The analysis of the homozygous animals allowed us to clone and characterize an alternative messenger (P2-mRNA). In this RNA, the 404 nucleotides of the sequence corresponding to P1-mRNA determined from TL15 ES cells cDNA have been replaced by 109 new bases. The size of this messenger is 305 nucleotides shorter than the larger one and this small difference might explain why the two mRNA could not be discriminated on a Northern blot. The simplest way to explain the fact that the 5 H probe corresponding to the 5 H region of P1-mRNA upstream of the vector insertion does not allow to detect, on Northern blot, P2-RNA in the homozygous RNA population, and that the trap vector does not interrupt P2-RNA is to assume that the P2-RNA is starting from a different promoter. The P2-mRNA would encode a protein identical to the larger one but truncated by 105 amino acids in its N-terminal part. This protein still possesses the phosphorylation sites and the putative PKA ®xation site, but not the myristylation signal. Myristylation helps to target the protein to membranes and had been shown to be essential for the function of a number of kinases (Resh, 1999) . Interestingly, a similar organization has been described for Gravin. Indeed, two proteins have been identi®ed that differ in the N-terminal region by 106 amino acids (Nauert et al., 1996; Sato et al., 1998) .
Taking advantage of the presence of the LacZ reporter gene, an extensive analysis of the distribution of SSeCKS P1-mRNA has been made in the adult and during embryogenesis. The most remarkable fact is that in each organ where it is expressed, the SSeCKS-P1 isoform has a very speci®c expression. X-gal staining was found extensively in the nervous system, with a very complex pattern in the brain and the spinal chord. It has been also observed in the peripheral as well as autonomous nervous system such as the Auerbach's and the Meissner's plexus. In the kidney, the staining is seen only in a subset of cells namely the external layer of the Bowman's capsule (this speci®c expression has also been reported for Gravin). Interestingly, P1-mRNA exhibits a strong maternal expression; indeed, the oocytes stained at every stage from the primary to the preovulatory ones. On the contrary, in the male testis, none of the germ cells display b-galactosidase activity whereas the Sertoli cells are strongly stained. RT±PCR analysis allowed us to demonstrate that the second messenger, P2-mRNA, is exclusively expressed in the testis in which its localization is restricted to germ cells. In addition, we showed that the expression of this messenger is regulated during spermatogenesis. P2-mRNA is ®rst expressed on day 21 after birth, when young spermatids appear, its expression increases by day 28 and is very strong in the adult when spermatids are abundant. Expression analysis on testis puri®ed cellular fractions con®rms the differential expression of both messengers. P1-mRNA is expressed in the germ-as well as in the somatic cells; however, the fusion protein between SSeCKS-P1 and b-galactosidase is only translated in the Sertoli cells. The second messenger, P2-mRNA, is exclusively expressed in the germ cells, beginning at the pachytene spermatocytes stage and round spermatids. We were able to evidence the presence of the two messengers as well as their differential expression in rat testis. These results, which reveal a tight regulation of SSeCKS gene in the male lineage, strongly suggest a functional role of SSeCKS during spermatogenesis. They are in keeping with the results of Erlichman's group, which has described SSeCKS expression in elongating spermatids in young adult rats (Erlichman et al., 1999) .
During embryogenesis, X-gal staining is not observed before E8 in embryos obtained from wild-type females mated to homozygous males. This observation indicates that the embryonic expression of the gene is activated quite late. On the contrary, the staining is observed during the whole preimplantation period in embryos from the reciprocal mating; this is in keeping with the strong oocyte expression and it suggests that during the preimplantation period, the SSeCKS function could be carried out by the maternal protein. Moreover, it indicates that the SSeCKS/ LacZ fusion RNA, or the fusion protein, has a very long half-life.
After implantation, P1-mRNA appears ®rst in the neural tube at E8. The nervous tissue remains the main domain of expression of that isoform during embryonic development and in the adult.
The gene 322/SSeCKS was isolated in a screen for candidate tumor suppressor or regulatory genes (Lin et al., 1995b) while the PKCBP or clone 72 gene was obtained in a screen for sequences that interact with protein kinase C (Chapline et al., 1996) . Gelman's group has accumulated evidence to classify the SSeCKS protein in the type II tumor suppressor family, (Lin and Gelman, 1997; Nelson and Gelman, 1997; Lin et al., 2000) . Both groups have demonstrated that the SSeCKS protein is a substrate for PKCs in vitro as well as in vivo (Chapline et al., 1998; Lin et al., 1996) and its homology with Gravin assigns it to the AKAP family. Our work describes, to our knowledge, the ®rst knockout of such a protein. In view of the maternal and very speci®c expression of SSeCKS-P1 during development and because of its potential tumor suppressor function, we were expecting to observe a mutant phenotype in the homozygous animals in which the gene has been interrupted. However, the homozygous animals live and reproduce without any obvious phenotype. We have demonstrated that the SSeCKS P2 isoform does not compensate for the inactivation of P1-mRNA. In view of the putative tumor suppressor activity of SSeCKS and owing to the fact that the Gravin gene in human is located in a region of the Ch.6 that is a hot spot of deletion in advanced prostate, breast and ovarian cancers (Lin et al., 2000) , we were expecting to observe tumor development in the tissues deprived of the SSeCKS protein. However, at least at the macroscopic level, we have not been able to observe any tumor, which suggests that inactivation of SSeCKS is insuf®cient per se for tumor formation. Alternatively this could be explained by complementation by other scaffold proteins.
AKAP proteins are involved in the formation of signaling complexes playing important roles in the regulation and the speci®city of PKA enzymes. The analysis of mice carrying null mutations for each of the genes encoding PKA subunits has shown the ability of the PKA system to compensate for the loss of a given subunit. However, some speci®c neurobiological roles for the PKA isoform have been observed such as the regulation of memory establishment (Brandon et al., 1997; Dodge and Scott, 2000) . Thus, studies involving learning or/and behavior may reveal some defects in the SSeCKS-P1 de®cient animals.
In the testis, we cannot exclude that P2-mRNA compensates for P1-. However, such is not the case in Sertoli cells where P1 is exclusively expressed; the absence of the P1-isoform in these cells does not seem to affect male fertility. Several AKAP proteins have been shown to anchor PKA proteins in particular male germ cells (Lin et al., 1995a; Johnson et al., 1997; Reinton et al., 2000) but their role is still not understood. It will be interesting to evaluate the role of the form detected in the germ cells by disrupting speci®cally the SSeCKS-P2 mRNA.
Whole-mount in situ hybridization
Digoxigenin-labeled (Boehringer) sense and antisense riboprobes were synthesized using the 5 H probe. Wholemount in situ hybridization was performed essentially as described (Wilkinson, 1992) .
